Little is known about this effect in patients with acute bacterial pneumonia.
INTRODUCTION
Countries in developed regions of the world are experiencing an ageing of their population, a trend that is expected to continue in the coming years. The result is a demand for the health care system greater than ever before, with more and more patients being admitted to the hospital each year. It is a known fact that in most centers outside standard working hours, and particularly at weekends and holidays, the levels of medical, nursing and auxiliary staffing are substantially lower. 1 Evidence is accumulating to suggest that patients admitted during the weekend and holidays are at higher risk for complications and mortality compared with patients admitted during the weekdays. This effect has been demonstrated in several conditions including acute coronary syndrome, congestive heart failure, acute subarachnoid hemorrhage, stroke, upper gastrointestinal bleeding, acute exacerbation of Revista Científica da Ordem dos Médicos www.actamedicaportuguesa.com
Cortes MB, et al. Weekend and holiday admission with pneumonia and mortality in a tertiary center in Portugal, Acta Med Port 2017 May;30(5):361-367 chronic obstructive pulmonary disease and cellulites. [2] [3] [4] [5] Recognition of this important effect may bring changes that can potentially improve patient clinical management and outcomes. In countries like Portugal, primary health care resources are closed during national holidays and weekends. Consequently, care for these patients may be hampered during these periods. Acute pneumonia, an inflammation of the lung parenchyma, is a potentially serious medical condition, especially in young children and elderly patients. Patients with pneumonia need urgent treatment.
A rapid diagnosis and treatment are important to reduce infection-driven systemic inflammatory activation and multiorgan dysfunction. 6 It is therefore not unexpected that a delay in appropriate management can result in increased mortality. 7, 8 Studies exploring the existence of a weekend effect in acute pneumonia have shown mixed results. [9] [10] [11] [12] [13] In this study, we sought to evaluate the impact of weekend and holiday admissions on the outcomes of acute bacterial pneumonia using a large cohort of patients from a major tertiary center. To our knowledge, this will be the first study evaluating the weekend effect in Portuguese patients with acute pneumonia.
MATERIAL AND METHODS

Study design and patients
This was a retrospective analysis of an in-patient database from a large tertiary center in Portugal (Santa Maria Hospital). Clinical information was collected from admissions between June/1989 and December/2015. The primary endpoint was in-hospital mortality of any cause in patients with acute bacterial pneumonia, and the secondary endpoints included development of sepsis, organ failure, admission to the intensive care unit (ICU), length of stay and total costs calculated in euros (€). Data was retrieved using the Classification of Diseases and Related Health Problems 9 th Revision (ICD-9) codes. Only adult patients (> 18 yearsold) with a primary diagnosis of bacterial pneumonia were included. Weekend admission was defined as a hospital admission between 16:00 hours on Friday to 23:59 hours on Sunday. For correctly assessing the effect of understaffing, holiday admissions were also included in the weekend admission group.
Definition of organ failure and sepsis
Specific organ failures and sepsis were defined using respective ICD-9 codes (Appendix 1) [http://www. actamedicaportuguesa.com/revista/index.php/amp/article/ view/8029/5040]. Each organ failure was dichotomized as present or absent within each admission. This definition has been used in other similar studies estimating the weekend effect.
14,15
Estimation of costs
Estimation of the costs of hospital admissions was based on the national pricing table published by the Portuguese Ministry of Health system.
Statistical analysis
We used a Kolmogorov-Smirnov test to evaluate normal distribution of continuous variables. Continuous variables were expressed in mean ± standard deviation (SD) or median + range depending on normal or non-normal distribution. Normal distribution continuous variables were compared using t-Student independent samples test and Mann-Whitney test for continuous variables with nonnormal distribution. Categorical variables were described using frequencies and percentages and chi-square contingency tables were used to compare proportions between groups. The association between each day of the week and in-hospital mortality was evaluated, with adjustment for the same array of potential risk factors. Odd ratios and 95 % confidence intervals (CI) were determined. Similarly, multiple linear and logistic regression analyses were performed to evaluate the impact of weekend/holiday admission on mortality, ICU admission and total costs with adjustment for potential confounders. Length of stay and total costs were logarithmically transformed because of their skewed distributions. Significance level was chosen at 0.05. Statistical analysis was performed using SPSS v21.0.
RESULTS
Characteristics of patients with weekend and weekday admission
During the three decades (1989 -2015) included in the study, 42 512 adult patients were admitted with the primary diagnosis of acute bacterial pneumonia corresponding to a total of 53 876 admissions. Fifty-five percent of patients were male with median age of 84.0 years (range 18 -118). Thirty thousand five-hundred fifty-four patients (56.7%) were admitted on weekdays, 21 222 (39.4%) on weekends, and 2078 (3.9%) during public holidays. The patients' characteristics and clinical outcomes are summarized in Table 1 .
The median age of patients admitted during the weekend/holidays was slightly higher than that of patients admitted during the weekdays -84.0 years (18 -118) vs 85.0 years (18 -118), p < 0.001). This difference was mainly accounted by patients over 75 years of age (p = 0.006). There were no differences in gender over all age stratus Table 1 
Trends of hospitalization over time
We evaluated the changes in the length of hospital stay, ICU admission, mortality and total costs over time. 
Outcomes of patients according to weekday and weekend/holiday admission
The median length of hospital stay was 9.0 days (0 -866). Three thousand one hundred seventy-one patients (5.9%) required admission to the ICU, and 10 440 patients (19.4%) died during admission. The median admission costs amounted to €5431 (1358 -393 318). A full comparison of patients admitted during weekday and weekend/holidays is available in Table 2 .
Admission during a weekend or holiday was not associated with longer length of hospital stay -9 (0 -866) vs 10 (0 -745); p = 0.001. These results persisted even after correcting for unexpectedly long admissions (> 30 days). As a result, total costs were lower in patients admitted during the weekend/holiday -€5884 (1358 -338 552) vs €5431 (1358 -393 318), for weekday and weekend/holiday respectively, p = 0.001. This difference resulted from substantially higher expenses in patients over 75 years of age (p = 0.023).
The weekend effect was also not apparent in the need for intensive care management (6.0% vs 5.7%; p = 0.109), development of organ failure (10.0% vs 9.8%; p = 0.222) or sepsis (5.5% vs 5.6%; p = 0.252), and mortality (19.4% vs 19.3%; p = 0.374). This trend was seen in all age groups. A detailed analysis is shown in Table 3 .
Predictors of clinical outcomes according to weekday and weekend/holiday admission
In logistic regression analysis, age (OR 1.029; 95% CI 1.027 -1.030), male gender (OR 1.242; 95% CI 1.187 -1.300; p < 0.001), length of stay (OR 1.005; 95% CI 1.004 -1.006; p < 0.001) and ICU admission (OR 6.284; 95% CI 5.814 -6.791; p < 0.001) but not weekend/holiday admission (OR 1.017 95% CI 0.972 -1.064, p = 0.459) were predictors of in-hospital mortality. 
Similarly, younger age (OR 0.987; 95% CI 0.986 -0.989), male gender (OR 1.584; 95% CI 1.468 -1.709; p < 0.001), but not weekend/holiday admission (OR 1.036; 95% CI 0.963 -1.114; p = 0.347) were associated with the need for ICU admission.
The length of stay was directly associated with ICU admission (OR 1.12; 95% CI 1.11 -1.14; p < 0.001), and negatively associated with increasing age (OR 0.99; 95% CI 0.9996 -0.9999; p = 0.008), female gender (0.97; 95% CI 0.96 -0.97; p < 0.001), and weekend/holiday admission (OR 0.99; 95% CI 0.996 -0.998; p = 0.037).
Finally, total costs were associated with ICU admission (OR 1.26; 95% CI 1.25 -1.28; p < 0.001), and negatively associated with increasing age (OR 0.9996; 95% CI 0.9995 -0.9998; p < 0.001), female gender (0.97; 95% CI 0.97 -0.98; p < 0.001), and weekend/holiday admission (OR 0.99; 95% CI 0.986 -0.996; p = 0.001).
Outcomes of patients according to the day of the week admission
There were 8080, 7597, 7526, 7366, 7992, 6599, 6638 and 2078 patients admitted on Monday, Tuesday, Wednesday, Thursday, Friday, Saturday, Sunday, and public holidays, respectively.
The respective percentages of patients admitted to the ICU were 6.3%, 6.1%, 5.8%, 5.8%, 5.9%, 5.2%, 6.0% and 6.2% on Monday, Tuesday, Wednesday, Thursday, Friday, Saturday, Sunday, and public holidays, respectively. The correspondent in-hospital mortality was 20.0%, 18.7%, 19.7%, 19.3%, 19.5%, 19.1%, 19.2% and 19.5% for Monday, Tuesday, Wednesday, Thursday, Friday, Saturday, Sunday, and public holidays. The ratio of total admissions, ICU transfers, and death according to the day of week is expressed in Fig. 1 .
The median length of stay by day of admission was 9 (0 -238), 9 (0 -745), 9 (0 -866), 8 (0 -400), 10 (0 -403), 9 (0 -357), 9 (0 -458), and 9 (0 -456), respectively for Monday, Tuesday, Wednesday, Thursday, Friday, Saturday, Sunday, and public holidays. Total costs by day of the week were 5431 (1358 -131 148), 5431 (1358 -207 748), 5431 (1358 -393 318), 5431 (1358 -182 401), 5884 (1357 -183 760), 5 431 (1358 -232 578), 5431 (1358 -208 653), and 5431 (1358 -338 552), respectively for Monday, Tuesday, Wednesday, Thursday, Friday, Saturday, Sunday, and public holidays.
Predictors of clinical outcomes according to the day of the week admission
Patients admitted on a Saturday were more likely to be admitted to the ICU (OR 1.168: 95% CI 1.011 -1.350; p = 0.034), after adjusting for age and gender. Nevertheless, after adjusting for age, gender and ICU treatment, only admission on a Monday (OR 0.916; 95% CI 0.844 -0.995; p = 0.038) was significantly associated with a lower mortality (Fig. 2) . Admission on any other day of the week, weekend or holiday was no associated with increased mortality. The results remained the same along all years included in the study.
DISCUSSION
Controversy over the existence of the weekend effect still exists. Several studies have pointed out that medical and surgical management of several conditions such as acute coronary syndrome, intracerebral hemorrhage and gastrointestinal bleeding might be substantial impaired during the weekend. 2, 16, 17 A large observational study concluded that internal medicine patients who were admitted on weekends were more likely to undergo intubation (OR 1.27), mechanical ventilation (OR 1.25), cardiopulmonary resuscitation (OR 1.45), and transfer to an ICU (OR 1.16) during their hospitalization than those who were admitted on weekdays. 5 One of the rationales for this effect is the lower numbers and experience of auxiliary, nursing and medical staff on duty during the weekend.
2,12
It is certainly true that weekend shifts are more likely to be performed by junior doctors, often over-worked and subjected to increase levels of stress and tiredness. 18 Lack of compliance with implemented guidelines may also account for the discrepancy in management over the weekend. 9 Another explanation is that referral units might be less assessable to patients over the weekend. In countries like Portugal, primary health care resources are closed during national holidays and weekends. Consequently, care for these patients may be hampered during these periods. This has been demonstrated by a recent observational study including 140 non-specialist acute hospital trusts in England. 19 The authors found higher mortality rates in patients admitted to the hospital during weekends, especially in patients directly admitted from the community. Alarmingly, patients from the community were admitted in far smaller numbers at weekends. The authors concluded that extending services in hospitals and in the community at weekends may increase the number of emergency admissions and therefore lower mortality, but may not reduce the absolute number of deaths. However, a recent study did not detect a correlation between weekend staffing of hospital specialists and mortality risk for emergency admissions. 20 While it appears that many medical and surgical conditions suffer from the weekend effect, there is still a paucity of data assessing the impact of weekend and holiday admissions on the outcomes of adult patients with respiratory infections. In 2014, Suissa et al published an interesting analysis of a large cohort (323 895 hospital admissions) of Quebec patients with chronic obstructive pulmonary disease and pneumonia. The authors confirmed that patients admitted on a Saturday or Sunday had an 8% higher risk of mortality compared with the Monday to Thursday period. Rather worryingly, this pattern showed no change over the 15-year window of observation. 21 Uematsu H et al analyzed 23 532 patients with severe pneumonia from 1044 acute care hospitals in Japan. Mortality rate of patients admitted during the weekend were significantly higher than of those admitted during weekdays (23.7% vs 20.5%; p < 0.001), even after adjusting for severity and need for urgent care. Of interest, adherence to microbiologic tests, associated with lower in-hospital mortality, was Guann-Ming C et al evaluated admissions to general acute care hospitals throughout Taiwan and found a 3% higher odd of 30-day death in patients hospitalized during the weekend. 10 Another study showed an association between mortality and weekend admission nurse staffing levels and hospital occupancy.
12 Like in our study, other authors have failed to show a significance of the weekend effect in patients with pneumonia. In a cross-sectional analysis of 95 704 emergency department admissions in the United States with pneumonia, weekend admissions were not associated with increased mortality. 11 Schmulewitz L et al assessed 3244 hospital admissions to the Royal Infirmary of Edinburgh including patients with pneumonia, chronic obstructive pulmonary disease, cerebrovascular accidents, pulmonary embolism, collapse and upper gastrointestinal bleed. 13 The authors concluded that the mortality rate was significantly lower for patients admitted with pneumonia during the weekend (OR 0.50; p = 0.015).
In our study, we assessed admissions with bacterial pneumonia over a 25-year period in a major tertiary hospital in Portugal. As in the latter studies, weekend and holiday admissions were not associated with any of the outcomes studies including costs, length of stay, ICU admission, sepsis, organ failure and mortality. Unexpectedly, weekend Cortes MB, et al. Weekend and holiday admission with pneumonia and mortality in a tertiary center in Portugal, Acta Med Port 2017 May;30(5): [361] [362] [363] [364] [365] [366] [367] and holiday admissions were associated with shorter lengths of hospital stay, a finding that was not dependent on admissions due to potential social reasons.
It is certainly difficult to interpret the mixed results from different studies. One possible explanation may arise from the differences in the organization of the health-care system across different countries. For example, the Portuguese health care system relies heavily on hospital-centered health care management, meaning that patients will often seek hospital evaluation instead of primary care physicians. While it is certainly true that the lack of recourses during the weekend in community-based health care systems may contribute to the weekend effect, 20 in countries like Portugal this may actually result in patients with more severe disease seeking hospital care earlier. This may partly explain the lower length of hospital stay of patients admitted during the weekend in our series. On the other hand, the mandatory presence of internal medicine specialists in our emergency department may partly justify the absence of a negative impact of weekend and holiday admissions on mortality, due to the availability of adequate means and knowledge for the early management of pneumonia.
Our study has many strengths. Assessing a single center over a wide period avoided potential confounders associated with hospital policies and emergency Day of admission Odds ratio of in-hospital mortality (95% CI) management over time. Furthermore, our study is one of the first assessing the effect of weekend and holiday admission on the development of sepsis and organ failure.
Nevertheless, several biases might have influenced our results. Although we considered several widely-accepted surrogates of severity such as the need for ICU treatment, development of sepsis and organ failure, we did not stratify patients according with a severity score such as the CURB-65 or the pneumonia severity index. 10, 11 While most studies have used these scores as markers of severity, grouping patients according with the need for intensive care management and development of sepsis and organ failure may better assess mortality in critical care patients. 22 It is true that organ failure and sepsis were defined according with ICD-9 diagnosis and procedure codes rather than by laboratory data or physician documentation. Nevertheless, this approach has been used in other studies with similar methodology.
14,15 Furthermore, as the same method was used for determining organ failure and sepsis in all patients, this limitation should have little impact on comparisons between weekend and weekday admissions.
CONCLUSION
In conclusion, our data strongly suggests that the weekend effect might not be present in patients with acute bacterial pneumonia admitted to tertiary cares in Portugal.
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